Background: While the faecal immunochemical test for haemoglobin (FIT) is an important screening tool to detect gastrointestinal bleeding, false-negative cases resulting from the enterobacterial degradation of haemoglobin (Hb) have emerged. When faecal Hb tests have given falsenegative results, it is considered that digestive bleeding diseases can be detected by measuring faecal transferrin (Tf), which is less susceptible to enterobacterial degradation. This study evaluated the benefit of measuring both Hb and Tf as markers of blood in the faeces during a largescale colorectal cancer screening trial in Japan. Methods: We screened 12,255 participants, i.e., 8223 men and 4032 women, for faecal Hb and Tf using a Discrete Clinical Chemistry Analyser NS-Plus C15 system. Results: Among the 1232 participants with positive test results for blood, 417 were detected based solely on Tf, which increased the positive rate from 6.7% to 10.1%. The Hb and Tf concentrations were not correlated directly, thereby suggesting that Tf can detect a positive group that differs from that detected based on Hb. The positive rate for Tf alone was significantly higher in women (4.9%) compared with men (2.7%) (p < 0.0001), which may be explained by the significantly higher constipation complaint rate in the Tf-positive group compared with the haemoglobin-only-positive group (p = 0.0069).
Introduction
In Japan, the number of patients with colorectal cancer has increased steadily and the death rate due to colorectal cancer is higher in women than that attributable to any other form of cancer. Early detection of colorectal cancer by screening reduces the mortality rate.
The faecal immunochemical test for haemoglobin (FIT) is used widely in screening to facilitate the early detection of colorectal cancer [1] . The efficacy of the FIT in colorectal cancer screening has been established, but false-negative results cannot be avoided, which is a drawback of this method. A retrospective study by Uotani et al. showed that 36.3% of cancer patients had false-negative FIT results and 25% of these patients had advanced cancer [2] . Half of the advanced cancer cases were detected in the ascending colon, thereby confirming the weakness of FIT in detecting lesions in the distal part of the colon. Uchida et al. suggested that the degradation of haemoglobin (Hb) by faecal enterobacteria was the cause of the false-negative results [3] . Fujita et al. noted that a longer intestinal retention time for faeces decreases the sensitivity of the test [4] .
Transferrin (Tf) is an iron-transporting protein (molecular weight = 76,500 Da) that is synthesised mainly in the liver and is present at a concentration of 2.0-3.0 g/L in normal serum. The blood concentration of Tf is 1%-2% that of Hb, but Tf is highly stable and is considered to be a more sensitive indicator of bleeding than Hb, even when the intestinal retention time for faeces is long [3] . In the present study, we investigated the benefit of measuring both Hb and Tf in faeces during a large-scale colorectal cancer screening trial to identify subjects for further screening.
Materials and methods

Participants
From April 2009 to March 2010, the faecal Tf concentration was determined in addition to the usual faecal Hb concentration in 12,255 participants (8223 men and 4032 women) who visited the Health Care Center, Japan Community Health Care Organization, Sakuragaoka Hospital, Shizuoka, Japan, for a health examination and testing for blood in their faeces.
Ethics
This study was approved by the Ethics Committee of Japan Community Health Care Organisation, Sakuragaoka Hospital. Written informed consent was obtained from all participants.
Specimen collection container and collection of faeces
The specimen collection container (Specimen Collection Container A, Alfresa Pharma Corporation, Osaka, Japan) was suitable for the collection of 10 mg of faeces and a serrated probe was attached to the cap, with 1.9 mL of buffer in the container. The participants provided specimens in containers. They removed the probe from the container and scraped it evenly across several regions of the surfaces of their faeces until the grooved portion of the probe collected a sample of faeces. The participants wrote the date of sample collection on the label. The container was then stored in a cool and dark place until it was returned to the hospital. The samples of faeces were collected within 5 days and brought to the Health Care Center.
2-Day method
Both the Hb and Tf tests were performed using the 2-day method. In this method, each subject collects faecal specimens in separate containers on two different days. The result is considered to be positive if either specimen is positive. Both the Hb and Tf analyses were performed using an automatic analyser with colloidal gold reagents, as described in the next section. Each specimen collection container can be used for both of the tests in this system, thus the two tests were performed simultaneously with a single specimen collection container.
In the FIT, the sensitivity differs between the 1-day and 2-day methods, but there is little difference in sensitivity between the 2-day and 3-day methods. Thus, we used the 2-day method, which is cost effective and used widely throughout Japan.
Measurement instrument and reagents
Instrument
A Discrete Clinical Chemistry Analyser NS-Plus C15 (Otsuka Electronics Company Limited, Osaka, Japan) with a processing capacity of 300 tests per hour was used. All the assays were performed using single samples, although this analyser was able to perform multiple measurements using up to nine replicates. The analytical working range was 4-240 μg Hb/g faeces. Remeasurement of samples with concentrations above the analytical working limit was performed by the automatic retest function of the instrument. This function allowed the instrument to recognize samples with concentrations above the analytical working limit and to calculate appropriate dilution rates from rough estimates before diluting and measuring the specimens again automatically.
Reagents
Hb was measured in faeces using i-FOBT Hemoglobin NS-Plus (Alfresa Pharma Corporation) and Tf was measured in faeces using i-FOBT Transferrin NS-Plus (Alfresa Pharma Corporation) according to a method based on immunological colloidal gold agglutination, as described in the next section.
Assay principle: immunological colloidal gold agglutination method
When colloidal gold-labelled polyclonal anti-human Hb or Tf antibodies react with human Hb or Tf in faeces, the antigen-antibody reaction causes the colloidal gold particles to aggregate, which is accompanied by a change in colour. The concentration of human Hb or Tf in faeces was measured by analysing this change in colour optically and based on the increase in turbidity over a specified period.
Quality management and data handling
All of the analyses were carried out by three clinical laboratory technicians who performed the FIT and a wide range of other analyses. The Health Care Center has a total quality management system.
Cut-off concentrations
Up to three cut-off concentrations can be set using the instrument. In Japan, the same institution may set and store more than one cutoff concentration and use different cut-off concentrations depending on the specific purpose. The cut-off concentration may be set higher in large-scale screenings covered by public insurance, such as wide-area residential health examinations, in order to minimise the false-positive rate, thereby reducing the costs of unnecessary endoscopies. In private clinics, the cut-off concentration can be set lower for medical check-up participants who are willing to pay for the increased fees incurred by multiphasic health examinations. The concentration of Tf or other substances is often measured in addition to Hb in private medical facilities. In the present study, the cut-off concentrations were set at 20 μg Hb/g faeces for Hb and 10 μg Hb/g faeces for Tf, which are the standard cut-off concentrations that are used most widely in Japan [5] .
Statistics
The χ 2 -test was used to test for significant differences between nonparametric data, such as the male:female ratio and constipation ratio. For parametric data, unpaired t tests were performed to compare the means of the measured values, and the 95% confidence intervals were also compared. A p-value < 0.05 was considered to indicate a significant difference.
Interpretation of test results
The present study employed the 2-day method using two analytes Table 1 .
Definition of constipation
The health check-up participants were asked to complete an interview form in advance. The questionnaire items included asking whether the examinee "tends to be constipated", where the answer was either "yes" or "no". Those who answered "yes" were included in Table 2 shows the sex, age, height, body weight and body mass index data for the participants in this study. The male:female ratio was 2:1, the median age was 51 years and the age range was 19-88 years.
Results
Demographic characteristics
Positive rates and relationships
The addition of the Tf test to the Hb test increased the positive rate from 6.7% with the conventional test (i.e., Hbpositive group) to 10.1% (i.e., positive group). Figure 1A shows the concentrations of Hb and Tf on the logarithmic x-and y-axes, respectively, and their cut-off concentrations. The vertical line is the cut-off concentration for Hb and the horizontal line is the cut-off concentration for Tf. Areas 1, 2, 3 and 4 indicate Tf-only positive, both Hb and Tf positive, negative and Hb-only positive results, respectively. The proportions for areas 1, 2, 3 and 4 are 3.4%, 1.6%, 89.9% and 5.0%, respectively. FIT alone detected only 6.7% in areas 2 and 4, but the addition of the Tf test detected 3.4% in area 1.
As shown in Figure 1B , the Hb and Tf concentrations were not correlated, which suggests that the Tf test identified a different group compared with that detected by the conventional Hb test. The relative Hb:Tf ratio in blood is considered to be 50:1 to 100:1. Figure 1B shows the Hb-intact area (A), which is approximately 50:1 to 100:1, and the Hb-denatured area (B), where the Hb concentration is reduced remarkably compared with the Tf concentration. Figure 1C and D show plots for the constipation and non-constipation participants, respectively. The constipation and non-constipation groups tended to be distributed in the Hb-denatured and Hb-intact areas, respectively.
Differences in the positive rates between men and women
As shown in Table 3 , the Hb-positive rate was significantly higher in men (7.1%) compared with that in women (5.7%) (p = 0.0037). By contrast, the Tf-only-positive rate was significantly lower in men (2.7%) compared with that in women (4.9%) (p < 0.0001). Table 4 shows that the constipation complaint rate was significantly higher in the Tf-positive group compared with that in the Hb-only-positive group (p = 0.0069).
Constipation complaint rate
Distributions and mean Hb and Tf concentrations in the constipation and non-constipation groups
The mean values (95% confidence intervals) of the Hb and Tf concentrations in the constipation and non-constipation groups were 25.9 μg Hb/g faeces (12.8-39.0 μg Hb/g faeces) and 6.1 μg Tf/g faeces (4.6-7.6 μg Tf/g faeces), and 15.2 μg Hb/g faeces (12.0-18.3 μg Hb/g faeces) and 3.2 μg Tf/g faeces (2.8-3.5 μg Tf/g faeces), respectively. The confidence intervals for Tf did not overlap in the two groups and the Tf concentration was significantly higher in the constipation group compared with that in the non-constipation group (p = 0.0002, unpaired t test). Although the Hb concentration tended to be higher in the constipation group compared with that in the non-constipation group, their confidence intervals overlapped and the difference was not significant (p = 0.1202, unpaired t test).
Discussion
The 3.4% increase in the positive rate obtained by the addition of the Tf test (Tf-only-positive group) can be explained by the presence of blood due to bleeding. The Hb would have undergone degradation by enterobacteria, so a bleeding false-negative result was obtained based on the Hb test because the faeces remained in the large intestine for a long time, thus only the Tf test yielded a positive result. This suggests that the sensitivity (colorectal cancer detection rate based on bleeding) of health check-ups can be increased by adding the Tf test.
There are two possible causes of prolonged faecal retention times: bleeding in the ascending colon and constipation. With bleeding in the ascending colon, Hb is likely to be degraded because it takes longer to excrete faeces from this part of the colon compared with the descending colon or rectum. Even with rectal bleeding, Hb may also be degraded and bleeding false-negative results may be obtained if the subject has severe constipation. In these cases, measuring the Tf concentration may provide a complementary method if bleeding false-negative results are obtained using the Hb test.
Women are considered to be more prone to constipation because of the effects of oestrogen. Table 3 shows the differences in the positive rates between men and women. The Hb-positive rate was significantly higher in men compared with that in women. However, the positive rate was nearly the same in men and women when both Hb and Tf were measured (p = 0.2813). Thus, the conventional Hb test yielded a higher positive rate in men, but the addition of the Tf test eliminated the difference between men and women. Therefore, the Tf test may be particularly effective when bleeding false-negative results are obtained for women according to the Hb test.
In a clinical-histopathological investigation, Oono et al. reported that advanced colorectal cancer with falsenegative results according to the FIT tended to occur in the ascending colon and the caecum in women [6] . Thus, cancer patients with false-negative results according to the Hb test may be identified by the Tf test. A retrospective study by Miyoshi et al. reported that 11.7% of patients with colorectal cancer and 17.9% of patients with colorectal polyps had Tf-only-positive results, although the sample size was small [7] . Sheng et al. also reported that 15.0% of patients with colorectal cancer and 33.3% of patients with precancerous lesions (adenomatous polyps and ulcerative enteritis) had Tf-only-positive results [8] .
In terms of the FIT, Fraser et al. [9] and Brenner et al. [10] reported that men have higher positive rates than women. Men are more likely to develop colorectal cancer than women, and men are prone to experiencing bleeding in the bowel. This implies that different cut-off concentrations should be applied for men and women. However, women tend to be more prone to constipation than men. As a result, it may be argued that the FITpositive rate could be reduced in women because of Hb degradation in the bowel, thereby yielding bleeding falsenegative results. Therefore, the addition of the Tf test to avoid obtaining false-negative results from the Hb test may be beneficial, as well as using different cut-off concentrations for men and women, or for constipated and non-constipated subjects. Further research is required to determine the most effective approach, but increasing the sensitivity of the test employed without reducing its specificity is important.
Recently, Hirata et al. proposed the following twostep cut-off method for use in Japan [5] . Set the first cut-off concentration for Hb (e.g., 20 μg Hb/g faeces). Subjects with concentrations higher than this first cut-off concentration proceed to a second round of screening, such as colonoscopy. Next, set the second cut-off concentration for Hb (e.g., 10 μg Hb/g faeces). Subjects with concentrations between the first and second cut-off concentrations are then subjected to the Tf test, and any Tf-positive subjects proceed to the second round of screening. Other researchers have also been designing methods that combine inflammatory markers such as lactoferrin and calprotectin with Hb. To make the FIT more effective, we expect that future studies will test the use of different cut-off concentration in subjects, or other markers in addition to Hb.
We hypothesize that patients with colorectal cancer that is not detected by the conventional Hb test because of the Hb degradation associated with constipation may be identified by the addition of the Tf test. This hypothesis requires validation in further studies.
In the present study, the definition of constipation was based on the judgement of the individual. However, the criteria used for constipation in large-scale colorectal cancer screening studies need to be fully established in the future. This will allow us to conduct further investigations into the relationship between constipation and false-negative results to detect bleeding (bleeding false negatives).
In conclusion, this large-scale medical examinationbased study confirmed the benefit of employing a combination of Hb and Tf tests to detect blood in faeces, thereby reducing the false-negative rate. The NS-Plus analyser allows the simultaneous analyses of Hb and Tf, and it was shown to be useful for large-scale screening to detect colorectal cancer.
